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© Variable frequency signal generator. 

© A variable frequency signal generator Includes a 
phasa locked loop having a variable frequency os- 
cillator which has a control port to which a frequency 
determining signal Is applied, the output of the os- 
cillator being fed via a frequency divider to a phase 
sensitive detector where it Is compared with a refer- 
ence frequency signal, the result of said comparison 
being arranged to generate a comparison signal 
which is fed to a loop filter which Is coupled to said 
control port; and the signal generator Including 
means for applying a frequency control signal there- 
to comprising a first path being arranged to adjust 
the division ratta of tha frequency divider, and a 
second path including means for combining said 
frequency control signal and said comparison signal 
to produce said frequency determining signal; and 
calibration means for adjusting the relative char* 
acterlstlcs of said first and second paths to com- 
pensate for effects arising from tuning sensitivity 
dependence on frequency of said variable frequency 
generator. 
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VARIABLE FREQUENCY SIGNAL GENERATOR 



Held of the Invention 

This invention relates to a variable frequency 
signal generator, and relates especially to such a 
generator which is capable of producing a modu- 
lated output signal 



Background Art 

It Is often necessary to apply frequency modu- 
lation to a voltage tuned oscillator in order to gerh 
erate frequency modulation. One problem that fre- 
quently arises is that as the oscillator frequency is 
varied the frequency modulation sensitivity of the 
oscillator atso alters, Le. the tuning sensitivity In 
Hz/V altars. The variation In sensitivity Is depen- 
dent on the characteristics of a voltage tuning 
element, usually a varactor diode, and the value of 
other components In the oscillator. The variation fa 
usually stable for a given oscillator but tends to be 
different to a greater or leaser extent from one 
oscillator to another. 

A known solution to this problem Is to use a 
digital to analogue converter to vary the amount of 
modulation signal applied to the oscillator as the 
VCO frequency Is changed. The system however 
needs to be calibrated with the aid of a modulation 
meter and the results stored in a digital form (e.g. 
look up table) so that the system controlling the D- 
A converter can correct for the tuning sensitivity 
variation. 



Summary of the Invention 

The invention seeks to avoid the use of a 
modulation meter by providing a means of auto- 
matically calibrating the VCO sensitivity so that it la 
oscillator frequency Independent The invention op- 
erates with a modulation system including a path 
which the division ratio of a divider In a phase 
locked loop, examples of which are shown by BB 
2140234 6 and QB 2214012 A 

According to this Invention, a variable frequen- 
cy signal generator Includes a phase locked loop 
having a variable frequency oscillator which has a 
control port to which a frequency determining sig- 
nal is applied* the output of the oscillator being fed 
via a frequency divider to a phase sensitive detec- 
tor where it Is compared with a reference fre- 
quency signal, the result of said comparison being 
arranged to generate a comparison signal which is 
fed to a loop filter which is coupled to said control 
port and the signal generator Including means for 



applying a frequency control signal thereto com- 
prising a first path being arranged to adjust the 
division ratio of the frequency divider, and a sec- 
ond path Including means for combining said fre- 

s quency control signal and said comparison signal 
to produce said frequency determining signal; and 
calibration means for adjusting the relative char- 
acteristics of said first and second paths to com- 
pensate for effects arising from tuning sensitivity 

10 dependence an frequency of said variable frequen- 
cy generator. 



Brief Description of the Drawings 

re 

Preferred embodiments of the invention will 
now be described with reference to the accom- 
panying drawings wherein 

figure 1 is a graph illustrating typical tuning 
20 characterstics of a voltage controlled oscillator 
(VCO); 

Figure 2 Is a block diagram of a first embodi- 
ment of a variable frequency generator accord- 
ing to the invention; 

25 Figure 3 Is a block diagram of a second em- 
bodiment of a variable frequency generator 
Figure 4 Is a block diagram of a- third embodi- 
ment of the invention comprising a swept fre- 
quency generator; and 

so Figure 5 Is a block diagram of a fourth embodi- 
ment of the Invention comprising a frequency 
agile generator tor frequency hopping purposes* 



3$ Description of the Preferred Embodiments 

Figure 1 shows a typical VCO tuning char- 
acteristic. In Fig. la) the VCO frequency is plotted 
against tuning voltage. In Fig. 1b) the tuning sen- 

40 sHivity of the oscillator Is shown In Hz/Vott against 
VCO frequency, in this case the tuning sensitivity 
Is lower at high VCO frequencies compared to low 
frequencies. The tuning sensitivity can be graphi- 
cally represented as the slope of the graph In Fig. 

45 1 a) at a given f roquency . 

Referring now to Figure 2. a first embodiment 
of the invention comprises a voltage controlled 
oscillator 1 arranged to produce an output signal at 
output terminal 2 having a carrier frequency which 

so Is determined by a carrier frequency Instruction 
applied to a digital adder 3. It Is required that the 
output signal snail carry a frequency modulation, 
and the required modulation signal Is applied to 
Input terminal 4 It is applied In a conventional 
analogue form and it is fed via a first path compris- 
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Ing an analogue-to-digital converter 5 to the digital 
adder 3 where It Is oomblned with the carrier 
frequency Instruction* 

the carrier frequency of the VCO 1 is con- 
trolled by means of o conventional phase lock loop 
which Incorporates a variable frequency divider 6, 
which may be an integral divider or a so-called 
fractional N divider. The value of N is variable 
under the control of the digital adder 3, so that ft is 
operative to divide the output frequency of the 
oscillator 1 by a predetermined Integer or fractional 
divlser. The output of the oscillator 1 is fed via the 
variable frequency divider 6 to a phase sensitive 
detector 7 where the frequency is compared with a 
reference frequency signal applied to tormina! 8. 
The frequency of the oscillator Is such that the two 
signal Inputs to the phase sensitive detector 7 have 
the same frequency when the frequency of the 
VCO Is at its correct value. If this Is not the case, a 
frequency control signal Is generated by the phase 
sensitive detector 7 and this is fed via a loop filter 
9 and a summation circuit 10 to the frequency 
control port of the VCO 1. and the frequency con- 
trol signal Is operative to correct the bring the two 
inputs of the phase sensitive detector into agree- 
ment 

The transfer characteristics of the anslogue-to- 
digltal converter 5. the digital adder 3 and the 
frequency divider 6 are accurately known and It Is 
in principle possible to generate a frequency mod- 
ulated signal via this route atone, however any 
frequency modulation must clearly be within the 
frequency range of the phase locked bandwidth. 
Typically the carrier frequency of the vco i win be 
several hundred MHz and the required frequency 
modulation range will be hundreds of KHz, whereas 
the bandwidth of the phase locked loop Is typically 
as tow as 200 Hz to iKHr, Accordingly the input 
modulation signal applied to terminal 4 is also 
routed via a second path comprising a digitally 
controlled amplifier 11 to a summation circuit 10 
where the modulation signal Is summed with the 
frequency control signal. 

In this way as shown In GB 2140234 and QB 
2214012 wide bandwidth frequency modulation can 
be achieved. The first and second modulation 
paths must be arranged to have the same modula- 
tion sensitivity or a frequency response error will 
occur at the or near the phase locked loop band- 
width. A first aspect of the Invention seeks to 
minimise this error by applying a calibration signal 
and calibrating the second path against the rela- 
tively well controlled first path. 

Since the characteristics of the VCO 1. am- 
plifier 11 and the summation circuit 10 are not so 
readily predictable, In a calibration mode of opera- 
tion the output of the loop filter 9 and the modula- 
tion signal are compared at a coherent detector 12 



whilst an Input calibration modulation signal having 
a frequency loss than the loop filter band width Is 
applied to terminal 4« A major source of error is the 
non-linear sensitivity characteristics of the VCO 1 

s in response to the frequency confrol signal 
(compare Rg. 1). The action of the phase lock loop 
acts to compensate for this error but compensation 
of this kind is not generated when the modulation 
signal fed Into the loop via the summation circuit 

w 10 balances the modulation signal fed in via the 
divider 6. 

The output of the coherent detector 12 Is fed 
via a comparator 13 to a control system 14 The 
output of the comparator 13 Is representative of the 

ts amplitude of the loop filter output and the dif- 
ference in phase value <U. sign) of the two signals 
which are applied to the coherent detector 12, l.e. It 
Is Indicative of any Imbalance In the system. Ac- 
cordingly In response to the output from the coher- 

«o ent detector and a comparator, the control system 

14 generates a digital word which Is applied to the 
digitally controlled amplifier 11 to alter the level of 
a modulation control signal applied to the summa- 
tion circuit 10 until the output of the comparator 13 

55 whereby that the coherent detector is detecting that 
first and second modulation path are balanaced. 
The value of the digital word Is thus Indicative of 
the sensitivity of VCO at the frequency of Interest 
This process Is performed for each value of the 

so required carrier frequencies whilst the calibration 
modulation signal Is applied to terminal 4 and the 
corresponding correction signal Is stored in a store 

15 along with the carrier frequency Instruction to 
which It relates. 

as Subsequently during normal operation, when 
the VCO is set to a required carrier frequency by 
the application of a carrier frequency instruction to 
the digital addar 3. the store 15 provides the re- 
quired correction factor which is fed via the control 

ho system 14 to the digitally controlled amplifier 11 so 
as to adjust Its gain to the correct value. 

Thus to restate the embodiment of Figure 2, a 
VCO 1 Is phase locked to a reference frequency by 
use of a divider 6, a phase detector 0 and a loop 

hb filter 9 In conventional fashion. The divider Is pref- 
erably of the fractional N type. DC coupled FM is 
generated by applying the modulating signal to the 
oscillator (typically by summing the signal with the 
output of the loop filter as shown at 10 In Rgure 2) 

so and applying the signal to an analogue to digital 
converter 5, the output of the converter being used 
to manipulate the division ratio of the divider. The 
effect of applying the modulation signal to the 
converter Is that the division ratio of the divider 6 is 

6* varied In sympathy with the modulation signal. 
Within the phase locked loop bandwidth the VCO 
frequency is therefore modulated by the modular 
tion signal. 
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port 4. In addition a further RAM look up table 62 Is 
provided rosponslvo to the output of phase accu- 
mulator 42 for applying a modified waveform to 
D/A converter 54, the analogue output of which Is 
applied to the Input of a digitally controlled am- 
plifier 11. 

Thus In operation of the embodiment of Rgure 
4, in order to calibrate the system to compensate 
for non-linearity In the tuning sensitivity of the VCO 
1. the method of calibration described above Is 
employed by applying from synthesiser 40 a mod- 
ulating signal of constant frequency which is within 
the bandwidth of the phase locked loop and apply- 
ing this to coherent detector 12. The value of 
switched-galn amplifier 11 Is changed by control 
system 14 so as to bring the output of coherent 
detector 12 to zero. At this point the numerical 
value applied to amplifier 11 is stored in store 15. 
This process Is repeated for a number of fre- 
quencies of the VCO as determined by the carrier 
frequency instruction. 

After calibration, the system may bo operated 
to generate a modulating signal which swepts 
across a range of frequencies as determined by 
synthesiser 4 In a linear manner or in some other 
desired manner. The non-linearities of the vco 1 
are compensated by look up table 52. Using the 
results derived from the calibration process the 
control system can toad the look up table 52 with a 
set of values that for any given range of VCO 
frequency the waveform generated at the output of 
90 is distorted in such a way mat it corrects the 
non linearities in the VCO. 

Thus, to restate the operation of this embodi- 
ment since the sensitivity of the modulation sys- 
tem modulating the divider ratio Is relatively ac- 
curately known (mainly controlled by the AID con- 
verter 6) and is VCO frequency Independent the 
modulation In this path is very accurately con- 
trolled. Furthermore it Is dear that the digital num- 
ber applied to the digitally controlled amplifier 11 
during the calibration phase Is a direct measure of 
the reciprocal of the FM sensitivity of the VCO. I.e: 
as the sensitivity of the oscillator decreases the 
number applied to the digitally controlled amplifier 
has to be Increased. 

If a swept waveform is required then dearly if 
the VCO 1 were perfectly linear a simple ramp 
waveform would generate a linear ramp in VCO 
frequency. However, in practice the VCO Is not 
linear for large charges In frequency, in order to 
eliminate this error a separate look up table 52 is 
used to drive the VCO. The automatic FM tracking 
system may bo Used to generate a tabulation of 
the tuning sensitivity of the oscillator at various 
points across the band. 

The resulting table of VCO frequency versus 
tuning sensitivity can be mathematically trans- 



formed into a table which plots a table of the 
voltage against frequency. This table can be read- 
ily Interpolated to avoid using an excessive number 
of calibration points, 

s The net result la that the digital synthesiser 
modulating the VCO generates a ramp waveform 
which is distorted In such a way that it produces a 
Dnear sweep of frequency with time. 

The system can also be further simplified. The 

10 modulation route through the divider Includes a D/A 
converter In the digital synthesiser 50 and an A/0 
converter 5 to modulate the division ratio of the 
divider. Clearly these converters can be eliminated 
and replaced by a digital Interface. In this case the 

ts reference for the coherent detector can be talcen 
from the output of the second D/A converter $4. 

In the event that only a ramp form of modula- 
tion is required (e.g: In a sweep generator) a further 
simplification is possible. The digital synthesiser 

30 could be simply replaced with an accumulator 
which will generate a digital ramp at Its output. The 
second look up table could also be replaced by a 
circuit which simply adds a digital word, computed 
by the microprocessor, to the digital ramp to cor- 
es root its value. Such a system would however be 
less flexible. 

The technique Is also not limited to modulating 
ramp waveforms. In principle the contents of the 
look up table in the direct digital synthesisers could 

30 be replaced by any waveform, including a sine 
wave. The second look up table 52 which drives 
the VCO would be corrected to ensure that the 
non-llnearltJe9 of the VCO are cancelled out. This 
system therefore allows the linear modulation of a 

as non-flnear VCO. 

Referring now to the fourth embodiment of the 
Invention shown In Figure 5 this shows an agile 
frequency source for frequency hopping purposes. 
Similar parts to those In previous embodiments are 

40 denoted by the same reference numeral. A fre* 
quency instruction is applied directly to the Input of 
divider drcuft 6 and also to the Input of RAM look 
up table 52. the output of table 52 being applied 
via D/A converter 54 directly to an Input of summer 

45 drcuft 1 0 and coherent detector 1 1 . 

In a calibration mode of operation, an appro- 
priate frequency modulation is applied and the 
appropriate value In table 52 Is adjusted by means 
of control system 14 until the output of the coher* 

GO ent detector 11 Is reduced to zero. The value at 
that time in table 52 represents the correct value 
for that frequency, and the routine Is repeated for 
as many frequency values as are desired. 

Thus In operation, the D to A 54 after tho look 

56 up table 52 generates an analogue voltage which 
accurately steers the oscillator to the required fre- 
quency while the divider 6 route ensures that 
phase locked loop will take out any remaining 
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residual frequency error. The calibration routine 
performed using the coherent detector ensures the 

rarer In the analogue routs can be made to be 
small. As a result the settling time of the phase 
locked loop can be substantia^ reduced. 

In a typical system using a microprocessor 
control system a calibration routine would be car- 
ried out This could be done on demand, on power 
up or simply as CAL function whose results are 
stored In a non-volatile memory. The microproces- 
sor can then complete the contents of the look up 
table. 



Claims 

1. A variable frequency signal generator includes a 
phase locked loop having a variable frequency 
oscillator which has a control port to which a fre- 
quency determining signal Is applied, the output of 
the oscillator being fed via a frequency divider to a 
phase sensitive detector where ft 1$ compared with 
a reference frequency signal, the result of said 
comparison being arranged to generate a compari- 
son signal which Is fed to a loop filter which Is 
coupled to said control port; and the signal gener- 
ator including means for applying a frequency con- 
trol signal thereto comprising a first path being 
arranged to adjust the division ratio of the fre- 
quency divider, and a second path including means 
for combining said frequency control signal and 
said comparison signal to produce said frequency 
determining signal; and calibration means for ad- 
justing the relative characteristics of said first and 
second paths to compensate for effect? arising 
from tuning sensitivity dependence on frequency of 
said variable frequency generator. 

2. A generator as claimed in Claim 1 wherein said 
calibration means Includes adjustable gain means 
located tn said first and/or second path, a detection 
means coupled to a control means for adjusting the 
gain of said adjustable gain means, and wherein 
said detection means is operative in a calibration 
mode of operation to compare safd comparison 
signal with said control signal whereby said control 
mesns adjusts the adjustable gain moans to bring 
the output of the detection means to a predeter- 
mined level 

a. A generator as claimed in Claim 2 wherein said 
detection means Is a coherent detector which pro- 
vides an output representative of both amplitude 
and phase of the comparison and control signals. 

4. A generator as claimed In Claim 2 wherein said 
control means Includes processor means and a 
memory, and said gain means comprises a digitally 
gain controlled amplifier. 

5, A generator as claimed in Claim 4 wherein said 
generator includes means for providing a carrier 



frequency Instruction to said frequency divider and 
also to saW control means, so that tn the calibration 
mode, the gain of the adjustable gam means Is 
adjusted for" each of e plurality of frequency values, 
6 the gain values being stored in said memory 
whereby In norma! operation the gain of said ad- 
justable gain means Is charged to the respective 
value for the operating frequency. 
0. A generator as claimed In any preceding claim, 
wherein said means for applying a frequency con- 
trol signal Is arranged to apply a frequency modu- 
lation signal. 

7. A generator as In any of Claims 1 to 6 where the 
means for generating a frequency control signal Is 
a direct digital synthesiser. 

8. A generator as claimed In Claim 7 wherein said 
direct digital synthesiser comprising a phase accu- 
mulator coupled to a look-up table for applying a 
waveform signal to said frequency divider. 

9. A generator as In Claim 7 and Claim 5 where the 
direct digital synthesiser uses a look up table In the 
second modulation path, the contents of which 
have been modified according to the results ob- 
tained by the calibration means In such a way as to 
compensate for the non linear voltage/frequency 
characteristics of the oscillator. 

10. A generator as claimed in any of Claims 1 to 6 
wherein said means for applying a frequency con- 
trol signal comprises frequency instruction means 
for applying a frequency instruction signal which 
hops between values of a preselected set of val- 
ues. 

11. A generator as claimed in Claim 10 when 
dependent on Claim 5 wherein said memory of 
said control means provides a look-up table on said 
second path arranged to provide a modified fre- 
quency instruction signal In said second path. 
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Fig. la. 

TYPICAL VCO TUNING CHARACTERISTICS 
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